Introduction
Cholera continues to threaten many countries and constitutes a major global public health problem. In 1998, worldwide, a total of 293,111 cases of cholera and 10,586 deaths from cholera were reported to the World Health Organization (WHO). Since these figures are based only on official reports to the WHO, they certainly underestimate the true numbers of cholera cases and deaths. Nevertheless, compared with previous years, the 1998 figures represent a significant increase in reported cholera cases and deaths worldwide, despite continued efforts to provide clean drinking water and basic sanitation.
Conventionally, strategies to prevent cholera have focussed upon basic sanitary and hygiene measures such as treated water supplies, improving water delivery and sewage control, hand washing facilities, latrines and adequate hygiene in food handling. It is important to continue to support these recommendations because they are efficient when properly applied, but it is also recognized that they are often difficult to implement in full.
The traditional injectable cholera vaccine was never recommended by WHO since it induced incomplete and unreliable protection of short duration. In the past 17 years, substantial progress has been made in the development of oral cholera vaccines. Different types of oral cholera vaccines have been developed and proven to be safe, immunogenic and effective. WHO has always carefully followed and been involved in the development of these vaccines. However, it should be clear that a cholera vaccine is considered only as an additional tool to prevent cholera and will not replace any of the other cholera prevention and control interventions recommended by WHO. Two of these new oral cholera vaccines have already been on the market for many years. However they are too expensive for general public health use in developing countries and so far are only used and afforded by travellers and tourists. It must be noted that vaccines, which require two doses and take one week after the second immunization to induce immunity, may not be widely applicable in emergency public health situations. One of the recently developed vaccines is the killed whole cell B subunit vaccine which has been developed in Sweden and licensed in Sweden, Norway, Peru, Argentina , Guatemala, El Salvador, Honduras and Nicaragua. Another vaccine is the live attenuated oral cholera vaccine produced in Switzerland and licensed in Switzerland, Canada, Argentina, Colombia, Guatemala, Peru, Philippines, Sri Lanka and Venezuela.
More background information related to operational aspects of these vaccines is given in Annex 1.
In February 1995, a meeting to evaluate the potential role of new cholera vaccines in the prevention and control of cholera outbreaks during acute emergencies was convened by WHO in Geneva 1 . Because of the progress made in the past four years, the WHO organized a follow-up meeting to consider the potential use of cholera vaccines in emergency situations with the following objectives:
1. review progress in the development and evaluation of oral cholera vaccines 2. review new data on cost and cost-effectiveness of oral cholera vaccines 3. review new data on feasibility and acceptability of oral cholera vaccines 4. consider the potential use of oral cholera vaccines in emergency situations and the establishment of a stock of vaccines for use in such situations.
For this meeting a group of experts was invited (see Annex 3) and below is a report on their discussions:
Progress in Development and Evaluation of Oral Cholera Vaccines since the 1995 Meeting

Killed whole-cell (WC) cholera vaccines produced in Viet Nam
In the mid-1980s the National Institute of Hygiene and Epidemiology (NIHE) in Viet Nam embarked upon a programme of development and production of killed oral cholera vaccines, modelled on the vaccines developed by Holmgren and colleagues at the University of Gothenburg 2, 3 . A whole cell vaccine without the cholera toxin B subunit was developed so as to benefit from lower production costs and to avoid the requirements of a buffer during vaccine administration. In 1993, an open field trial of the first such vaccine, a monovalent vaccine consisting of killed 01-serogroup Vibrio cholerae whole cells, was conducted on 134,453 subjects in Hue City. During a large epidemic of El Tor cholera that occurred between 8 to 10 months following vaccination, the protective efficacy of a two-dose regimen of this vaccine was 66% 4 . Notably, the protective efficacy in children aged 1 to 5 years was 68%.
Recently, NIHE, Hanoi, following the recommendations of the WHO Steering Committee on Diarrhoeal Disease Vaccines, created a second-generation killed whole cell vaccine, which differed from the first vaccine in that it was bivalent by virtue of containing both 01 and 0139 serogroup whole cells (biv-WC vaccine). The biv-WC vaccine also contained twice as many El Tor biotype cells as the original monovalent WC vaccine. A two-dose regimen of this biv-WC vaccine proved safe and immunogenic when tested in adults and children in Hanoi 5 . In 1997, a large-scale randomized, double-blind, placebo-controlled, effectiveness trial of the biv-WC vaccine was initiated in the Nha Trang and Ninh Hoa districts of Khanh Hoa province, an area of central coastal Viet Nam with endemic cholera. The objectives of this trial were (a) to determine the impact of the vaccine when administered under conditions of a public health programme, (b) to evaluate whether vaccination confers indirect protection against cholera transmission, as well as direct protection of vaccinees, (c) to evaluate behavioural aspects of the acceptability of the vaccine and the vaccination programme to the population, and (d) to estimate the costeffectiveness of vaccination, using costs and effects actually experienced during the trial.
Subjects aged one year and over (excluding pregnant women) were randomized by hamlet of residence to receive a two-dose regimen of biv-WC vaccine or placebo. Between March 21 and April 30, 1997, a total of 289,041 persons received a complete two-dose regimen of their assigned agent. Two-dose vaccine coverage was 83%. No adverse events were associated with administration of the study agents. Surveillance for diarrhoeal events, including cholera, was instituted in the 30 commune health centres, 8 polyclinics, and 2 district hospitals serving the study population. No cholera was documented between 1997 and 1999 in this area (however recently cases have been reported in the south of Viet Nam). In March 1999, the study was extended by rerandomizing the population to receive vaccine or placebo after stratification by study agent received in 1997. Extension of the study should enable additional information to be gained on protection during the third and fourth years after vaccination, and the impact of biennial two-dose boosting. The behavioural assessment of beliefs and attitudes regarding the cholera vaccine indicated a strong concern about cholera disease in the population, a favourable attitude about the need for an effective cholera vaccine, and no evidence that participation led to laxity in hygiene practices.
In addition to the efficacy trial of the biv-WC vaccine, in March 1998 a programmatic evaluation of the public health use of the vaccine was undertaken in Hue City. In this evaluation, of the 25 city communes (population 278,608), 13 (population 151,418) were randomized to receive the vaccine. Complete two-dose vaccine coverage was 83%. No serious adverse effects were reported to the clinical monitor during vaccination. Surveillance for cholera is ongoing in the 25 commune health centres, 3 polyclinics, and 2 hospitals serving the study population.
Live attenuated CVD 103-HgR cholera vaccine
An experimental challenge in a randomized (after stratification by blood group O status), placebo-controlled, double-blind trial of CVD 103-HgR vaccine in 51 North American volunteers, who were challenged more than 3 months after ingestion of their study agents, found the oral live attenuated vaccine to confer 80% (95% CI = 60 to 91%) protection against El Tor cholera.
Subsequently a randomized, placebo-controlled, double-blind, cross-over clinical trial was carried out in matched HIV-seropositive (without clinical AIDS) and HIV-seronegative adults in Mali to assess the safety and immunogenicity of the oral live attenuated CVD 103-HgR cholera vaccine administered as a single dose 6 . Adverse events occurred with similar frequency following ingestion of vaccine or placebo. The vaccine strain was not isolated from faecal cultures of any subject. The baseline geometric mean titre of serum vibriocidal antibody was significantly lower in HIV-seropositive subjects (1:23) than in the HIVseronegative (1:65). Significant rises in vibriocidal antibody were observed in 71% of HIVseronegatives, 58% of HIV-seropositives overall, and 40% of HIV-seropositives with CD4 counts below 500/ul. Following vaccination, the peak GMT of vibriocidal antibody was 1:584 in HIV-seronegatives, 1:124 in HIV-seropositives, and 1:40 in HIV-seropositives with CD4 counts below 500/ul.
The oral live attenuated CVD 103-HgR cholera vaccine, administered as a single dose in a randomized, placebo-controlled, field trial in Indonesia, did not confer significant protection against El Tor cholera during 4 years of observation. Since there was a modest number of cholera cases occurring in the first year following immunization, estimates indicating low short-term protection of the vaccine were imprecise.
New Data on Cost and Cost-Effectiveness of Oral Cholera Vaccines
Cost-effectiveness analysis of treatment and vaccination strategies for the control of cholera epidemics in sub-Saharan refugee settings
An analysis was undertaken to determine the cost-effectiveness of alternative intervention strategies, including vaccination, to control cholera outbreaks in sub-Saharan refugee camps 7 . Probabilities of cholera outcomes were derived from epidemiological data compiled for refugee settings in Malawi between 1987 and 1993, and data on costs were obtained from Médecins Sans Frontières (MSF) and Epicentre. The setting was a hypothetical refugee camp with 50,000 persons in sub-Saharan Africa, followed for a twoyear time period, during which 20% of the population was expected to be replaced as a consequence of migration. The probability of an epidemic occurring during the 2-year time horizon was estimated to be 80% with an attack rate of 3.65%. A comparison was made of the costs and outcomes of alternative strategies in which appropriate rehydration therapy for cholera is introduced pre-emptively (at the outset of a camp) or reactively (once an epidemic is recognized), and in which mass immunization with oral B subunit killed whole-cell (BS-WC) cholera vaccine is added to a rehydration programme, either preemptively or reactively. The main outcome measures were cost per cholera case prevented and cost per cholera death averted. Vaccine protective efficacy against El Tor cholera, in children less than five years of age, was estimated to be 80% in the first six months following vaccination and nil thereafter. In those over five years of age, vaccine protection was estimated to be 80% in the first year following vaccination and 50% during the second year. Vaccine coverage was estimated to be 70% with pre-emptive vaccination. Only direct costs were assessed. Fixed treatment costs were estimated to be $75,000 for pre-emptive treatment, and variable treatment costs to be $14 per case. Vaccine cost was estimated at $0.50 per dose, and a pre-emptive vaccination programme was estimated to cost $13,000.
The results of the analysis showed that relative to a situation with no available rehydration therapy suitable for the management of severe cholera, a strategy of pre-emptive therapy ($320 per death averted) costs less and is more effective than a strategy of reactive therapy ($586 per death averted). Adding vaccination to pre-emptive therapy is expensive: $1,745 per additional death averted for pre-emptive vaccination and $3,833 per additional death averted for reactive vaccination. However, if the cost of vaccine were to fall below $0.22 per dose, strategies combining vaccination and pre-emptive therapy become more costeffective than therapy alone. If the cost of vaccine were to fall below $0.16 per dose, the incremental cost of adding pre-emptive vaccination to pre-emptive treatment falls below zero, and the combined strategy is expected both to cost less and to prevent more deaths than treatment alone.
A cost-benefit analysis of programmatic use of CVD 103-HgR live oral cholera vaccine in a high-risk population
A cost-benefit analysis was performed to explore the potential benefits to the Argentine Ministry of Health of treatment costs averted versus the costs of vaccination with CVD 103-HgR live cholera vaccine in a relatively confined population of Northern Argentina affected by cholera outbreaks 8 . In a 3-year period (1992 through 1994), with an annual incidence of 2.5 cases per 1000 population more than 14 years of age, and assumptions of vaccine efficacy of 75% and vaccine coverage of 75%, vaccination of targeted high risk groups would prevent 1265 cases. Assuming a cost (only direct costs were assessed) of $602 per treated case and of $1.50 per dose of vaccine, the total discounted savings from use of vaccine in the targeted groups would be $132,100, and vaccination would be costbeneficial (break-even point of $1.81 per dose of vaccine). The projected savings were altered less by changes in vaccine coverage (75 to 90%) or vaccine efficacy (60 to 85%) than by changes in disease incidence (1.5 to 3 cases per 1000 population).
Cost of immunization with a locally produced oral, killed, bivalent whole-cell cholera vaccine in Viet Nam
In March, 1997, a large-scale effectiveness trial of a locally produced, orally administered bivalent vaccine against Vibrio cholerae 01 and 0139 (biv-WC vaccine) began in Viet Nam. Empirical data obtained from the trial was used to determine the costs of the immunization campaign. The trial was conducted in Khanh Hoa province, located in central coastal Viet Nam. The study population, including the children less than one year of age and pregnant women who were ineligible for immunization, was 353,926. Immunization, defined as administration of the study agents (vaccine or placebo), was conducted in two dosing rounds separated by at least 12 days. The study agents were administered by 192 dosing teams, each team consisting of 1 or 2 vaccinators, 1 vaccine recorder, and 1 group leader. One supervisor was assigned to every 2 to 6 dosing teams.
A total of 289,041 persons received two doses of vaccine, and 13,340 persons received one dose of vaccine. Two-dose vaccine coverage was 83%. Adding the costs of personnel, training, vaccine storage, transportation, supplies, publicity, and the cost to vaccinees, the total cost of vaccine delivery during the immunization campaign was $107,191. Once routinely incorporated into biennial immunization campaigns targeting 10 million persons at risk, the estimated cost of each dose of vaccine is $0.28. Therefore, the total cost of the immunization campaign is estimated to be $0.46 per dose administered, and $0.94 per fully immunized person. If 2 million rather than 10 million doses of vaccine were produced each year, the estimated cost of each dose of vaccine would rise to $0.51, and the expected total cost of the immunization campaign would rise to $0.69 per dose administered and $1.41 per fully immunized person.
Direct costs of Médecins Sans Frontières cholera control interventions
The following Of note is the consistency of the findings when the different intervention settings are compared to one another, and when they are compared with the assumptions made in the cost-effectiveness model of different strategies for the control of cholera epidemics in subSaharan refugee settings. Since national costs, MSF headquarters costs, and indirect costs are not included in these cost figures, the observations most likely represent underestimates of the actual costs incurred.
New Data on Feasibility and Acceptability of Oral Cholera Vaccines
A feasibility study was conducted in Uganda on the use of a two-dose, oral cholera vaccine in refugee and displaced populations.
In October 1997, a mass immunization campaign was conducted by local non-government organizations (NGOs) in Sudanese refugees who had settled in the Adjumani district of Uganda 9 . The original target population was 43,900, who resided in 6 settlements. The United States Department of Defense donated the oral recombinant B subunit killed wholecell cholera vaccine (rBS-WC) used in the campaign. The material needs for the campaign were transported from Europe to Entebbe and subsequently to the field site, and consisted of 237 boxes measuring 9.4 m 3 and weighing 2,044 kg. The campaign lasted 5 weeks, involved 114 staff (19 nurses, 21 nursing aides, 44 community health workers, and 30 unqualified) distributed over 15 vaccination sites, and utilized 14,000 litres of water. 63,200 doses of vaccine were administered, with a maximum rate of 200 doses per vaccination site per hour. The vaccine was filled in multi-dose (50 or 100 doses) glass bottles and a pump delivered each 3 ml dose. No cold chain was used during transport of the vaccine from Entebbe to the field or during the campaign. The vaccine manufacturer states vaccine stability to be 1 month at 37 0 C. Vaccine wastage ranged from 5 to 14%. Acceptability was good except in the very young who had difficulty in swallowing the quantity of buffer administered with the vaccine. A vaccine coverage survey revealed 95% coverage after the first dosing round and 87% after the second dosing round, with no significant differences by age group or gender. In this survey, 2 of the original 6 settlements were excluded because of security reasons. Risk factors identified for nonvaccination were being absent during the campaign or not having been informed about the campaign. Vaccine coverage based on vaccination cards revealed 83% coverage after the first dosing round and 76% after the second dosing round. Excluding vaccine cost, the total cost of the campaign was $15,000, the cost per dose administered was $0.23, and the cost per fully immunized individual was $0.52. The cost of the vaccine was determined to be the main economic determinant of the cost of the campaign. After adding the cost of vaccine, the cost of the campaign is expected to be $23,600, $58,000, and $187,000, assuming vaccine costs per dose of $0.1, $0.5, and $2.0, respectively. An outbreak of cholera occurred in Adjumani district, approximately one year after the feasibility study. A follow-up study was conducted in an attempt to assess the protective impact of vaccination 10 . Sources of data for cholera cases included 23 refugee health units, health facility registers, and NGO morbidity and mortality reports. Population figures were derived from a 1996 NGO census of the refugee camps and from a 1991 national census. Adjumani district has a population of 125,000, of which 55% are Sudanese refugees residing in 35 settlements. The feasibility study had been conducted in 6 of the 35 settlements. During the cholera outbreak between September and November, 1998, no cholera cases (defined as acute watery diarrhoea and dehydration) were reported from the 6 settlements that had been immunized, 28 cases (attack rate = 0.04%) were reported from the non-immunized settlements, and 330 cases (attack rate = 0.59%) were reported from the non-refugee population. Although these findings are suggestive of a significant protective effect by the immunization programme, these findings must be interpreted with caution due to the non-randomized and non-blinded nature of the study. It was noted that compared with the surrounding areas within the district, environmental conditions appeared better in the refugee settlements.
Establishing a Cholera Vaccine Stock for Use in Some Specific Situations
Guidelines on the production and quality control of killed oral cholera vaccines are to be developed through the WHO Expert Committee on Biological Standardization (ECBS) in October 1999. These guidelines will be used by the WHO as a basis for evaluating killed oral cholera vaccines. Recommendations for live oral cholera vaccines will also be developed. The WHO recommendations are adopted by many national authorities as a basis for national requirements, and they are often used by countries or agencies as a basis for deciding acceptability of biologicals prior to purchase.
The current meningococcal vaccine stock serves as a model for establishing a cholera vaccine stock. Several issues during epidemic meningitis control during 1996 and 1997 led to the consideration and establishment of the meningococcal vaccine stock. These included misuse of the epidemic threshold for initiation of immunization, unavailability of national forecasts for vaccine needs, vaccine shortages, sale of counterfeit vaccines, lack of equipment to ensure safe vaccine injection, and unavailability of the first choice drug for case management. WHO, in consultation with Médecins Sans Frontières, the United Nations Children's Fund and the International Federation of Red Cross and Red Crescent Societies, set up an International Coordination Group (ICG). The ICG ensures the availability of a stock of approximately 7 million doses of vaccine, reviews requests for use of the vaccine, and authorizes such use. As the vaccine is used, funds are obtained to replenish the stock. A preparedness fund of $2.3 million was used to set up the supplies necessary for epidemic meningitis control, including the reserved stock. The vaccine stock is kept with the vaccine manufacturers. It is maintained at different levels of availability, so that one third of the stock can be made available within 24 hours, another one third within 10 to 14 days, and the remainder within 3 months.
In establishing a cholera vaccine stock several issues need to be addressed. The candidate vaccine should meet the production and control guidelines to be developed through the WHO ECBS. The WHO strategy of use should be standardized, effective, and followed. Estimates of global demand are needed, agreement of major users and major funders need to be secured, and access problems, including financial problems need to be resolved. An advisory group within WHO Secretariat would be responsible for the management of this stock.
Conclusions
The group of experts concluded the following:
1. Among new-generation cholera vaccines, convincing protection against cholera in field situations has been demonstrated only for the oral B subunit killed whole-cell (BS-WC) cholera vaccine *. 2. There are ongoing evaluations of the oral killed bivalent whole-cell cholera vaccine and the oral live attenuated cholera vaccines.
* For purposes of this document, BS-WC refers also to rBS-WC vaccine, for which cholera toxin B subunit is produced by genetic recombinant technology.
3. The oral BS-WC cholera vaccine is a potentially useful public health tool for some specific, carefully evaluated emergency situations.
4. In the presence of an adequate infrastructure, mass immunization of large stable refugee populations with oral BS-WC cholera vaccine has been shown to be feasible, with good vaccine acceptability, and high levels of vaccine coverage.
5. Cost-effectiveness of mass immunization with oral BS-WC cholera vaccine will be sensitive to the price of the vaccine. (See Annex 1: Cholera vaccine specifics).
6. Cholera vaccine should be considered for pre-emptive use in high-risk populations before a cholera outbreak has occurred, not reactively as a method of containing an outbreak once it has started. This reaffirms an earlier recommendation.
7. Priority should be given to the timely completion of WHO standards for production and quality control of the oral BS-WC cholera vaccine. Based on these standards, the established WHO procedure described in WHO/VSQ/97.06, for assessing the acceptability, in principle, of vaccines for purchase by United Nations agencies, would then be followed.
8. Vaccination with BS-WC cholera vaccine should never be the sole measure to prevent cholera outbreaks in emergency situations; vaccination should be undertaken only in concert with other cholera prevention and control measures currently recommended by WHO.
Recommendations
Assuming that the steps outlined in the conclusions above were followed, the group of experts made the following recommendations:
1. The oral BS-WC cholera vaccine should be considered among the tools to prevent cholera in populations believed to be at risk of a cholera epidemic within six months and not experiencing a current epidemic. Such high risk populations may include, but are not limited to, refugees and urban slum residents;
2. A stock of at least two million doses of the oral BS-WC cholera vaccine should be established for use in high-risk populations. Vaccine used from the stock needs to be replenished in a timely fashion. Potential donors should be approached for financial support to establish and maintain the stock;
3. An advisory group within the WHO Secretariat should be responsible for the management of the cholera vaccine stock. Functions of the advisory group will include a case-by-case evaluation of requests by countries and by agencies to make use of the cholera vaccine stock, and interaction with manufacturers of the cholera vaccine;
4. The use of cholera vaccine from the stock should be linked to an evaluation of its public health impact.
Additional Reading
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Annex 1
Cholera vaccine specifics 1) Killed whole cell/ B subunit vaccine (WC/rBS). It is a two-dose oral vaccine given one week apart in a buffer solution. Studies have been conducted in Sweden, Bangladesh and South America and have proven its safety and high-grade (85%) protection against cholera classical (Bangladesh) and El Tor (Peru) biotypes. The vaccine contains antigens representing both biotypes and both serotypes. New strains and/or antigens can be added without difficulty. Protection is obtained one week after the second immunization. After 6 months of follow-up the protection decreases in children less than 5 years of age. After 3 years of follow-up the protection is still 70% in people more than 5 years of age. The average protection after 3 years is around 50% in all age groups. The vaccine provides short cross-protection against ETEC diarrhoea (67% protection during 3 months). The vaccine is widely used by travellers.
Vaccine characteristics and stability:
The vaccine is filled in multi-doses (50-100 doses) glass bottles or single-dose glass vials. Concerning its stability, the vaccine can be kept, without losing its antigenicity, for 3-4 years at 4 °C, for 1 month at 37°C and for 1 hour if it is mixed with its buffer, at room temperature.
Vaccine administration: For adults and children the same dosage is used. The vaccine consists of two doses, given with a 7-14 day interval. As usual with many oral vaccines, it is recommended that two hours before as well as 1 hour after the vaccine no food should be taken. A cold chain for the vaccine is recommended. The vaccine is administered with a buffer solution prepared with safe water (150 ml for adults and 75 ml for children). The vaccines are packed in boxes of around 25-30 kg each.
Vaccine price*:
The price of one-dose vaccine is approximately 2-3 US $ (4-6 US $ per person vaccinated) but is anticipated to be reduced in case of large production and multi-dose vial use.
2) Killed whole cell vaccine (WC) : As a result of technology transfer, a variant of the WC/rB subunit has been produced and tested in Viet Nam. The only difference is that the recombinant B subunit, the most acid-sensitivity component, is not present. A field trial conducted in 1992-1993 in Viet Nam showed an efficacy of 66% at 8 months in all age groups. The vaccine is licensed in Viet Nam only.
Vaccine administration:
The vaccine is administered in two doses, one week apart.
The price of this vaccine is currently estimated at $0.51 per dose if a stock of 2 million vaccine doses were to be produced.
3) Live CVD 103-HgR vaccine:
Several studies in a number of countries, among different age groups, have proven the safety, efficacy of CVD 103-HgR against V. cholerae of either classical or El Tor biotype and either Inaba or Ogawa serotype, one week after administration of a single oral dose. The vaccine is widely used by travellers.
The vaccine is packed in two sachets as a single dose presentation. A number of 1000-2000 sachets can be packed in one box of 1.3 cubic metre. The weight of a box would be 20 kg. Concerning its stability, the vaccine can be kept, without losing its antigenicity, for 19 hours at 37 °C, for two days at 30 °C, for several weeks at 15 °C and for 18-24 months at 4 °C. For this reason it is recommended to implement a cold chain for the maintenance of its stability.
Vaccine administration :
The vaccine consists of one dose and should be administered with buffer solution and 100 ml of safe water. The onset of protection is after 8 days.
The price of one dose vaccine is 1.75 US $ if the range of order is between 50,000-150,000. For orders in excess of 150,000 doses the price would be reduced to 1.50 US $.
* Prices given are estimated prices, based on the assumption that the vaccine is used as a public health tool on a large scale and made through intervention of the WHO.
